Dead organic matter (DOM), which includes deadwood (DW) and litter (LT), plays an important role in forest ecosystem functions. To date, little DOM data have been collected in the seasonal forests of Indochina. We monitored DW and LT masses in Cambodian seasonal forests during a period of 10 years at intervals of 1 2 years in 22 permanent sample plots (PSPs) in evergreen forest (EF, n 10) and deciduous forest (DF, n 12) deployed across Cambodia. We found that large aboveground biomass (AGB) loss events, which were probably caused by logging, increased DW mass and DOM carbon stock. However, such AGB loss events did not necessarily affect LT masses (i.e., coarse LT [CLT] and fine LT including partly decomposed roots to a soil depth of 5 cm [FLT]). The mean DOM carbon stock and masses of DW, LT, CLT, and FLT during the study period had no significant relationships with AGB in either EF or DF. DOM and its components exhibited large spatial variations, suggesting that additional sampling is required for greater precision. The Cambodian seasonal forest was characterized by a relatively small DW mass, possibly due to anthropogenic removal of DW and dying trees.
INTRODUCTION
Dead organic matter (DOM), including deadwood (DW) and litter (LT), plays an important role in nutrient and carbon cycling in forest ecosystems (Sayer 2005 , Palace et al. 2012 . For residents relying on forests as a resource, medium-to large-diameter DW is an important source of fuel due to its high caloric content (Chambers et al. 1999 , Yan et al. 2007 ) and the edible wood-rotting fungus mushrooms that are available over protracted periods. Improved understanding of the magnitude and spatiotemporal variation (Hopkins 1966 , Yoneda et al. 1990 in DOM is crucial for sustainable forest management in regions subjected to environmental disturbance.
Most DOM studies have been conducted in the Americas (Powers et al. 2009 , Palace et al. 2012 . The DW mass of Malaysian tropical rainforests has been compared to that of the Amazon (Sato et al. 2016) . However, few DOM data have been collected in seasonal tropical forests (Vogt et al. 1986 , Yoneda et al. 1991 , Kiyohara et al. 2004 , Palace et al. 2012 . Data on DOM dynamics are scarce (Kiyono et al. 2010 , Ito et al. 2014 ; in particular, long-term LT mass trends have been little studied (Hopkins 1966 , Spain 1984 , Wieder and Wright 1995 . Countrywide DOM estimates have never been calculated for the compilation of national carbon accounts or sustainable forest management in the seasonal forests of Indochinese countries.
Thus, we examined the effects of disturbance and the resultant large aboveground biomass (AGB) losses on DOM dynamics in seasonal forests of Cambodia that are subjected to anthropogenic influences. The components of our study were as follows. (i) We monitored forest DOM dynamics in permanent sample plots (PSPs) deployed on a nationwide scale. (ii) To estimate the influence of large AGB loss events on temporal changes in DOM, we compared PSPs that experienced large AGB loss events with those that did not. (iii) We calculated the mean standard deviation (SD) of DW and LT masses and DOM carbon stocks in the PSPs during the study period and compared them with values obtained in other seasonal TROPICS Vol. 27 (2) tropical forests.
STUDY SITES AND METHODS

Cambodian forest types
Forests in Cambodia ( Fig. 1 ) include three main forestcover regions: the Mekong Basin, the coast of Tonlé Sap Lake, and the Krâvanh (Cardamom) Mountains (Akinaga 1943) . They can be divided into lowland forests, montane forests, and azonal forest formations (Rundel 1999) . Cambodian forests comprise evergreen forest (EF), semievergreen forest (SEF), and deciduous forest (DF) (Samreth et al. 2012) . All forests are subject to a tropical monsoon climate, with a pronounced rainy season from about May to October, and a dry season from November to around April (World Bank Group 2015) . The mean annual temperature is 26.5 30 , except at high altitudes on mountains. The geology is mainly sandy alluvium, shale and other impermeable rock, sandstone, and conglomerates in hilly regions and clayish and silty alluvium in the lowlands (Crocker 1962) . The mean annual precipitation ranged from 1,400 to 4,000 mm, depending on the region, during 1990 2012 (World Bank Group 2015) . Monthly precipitation in Cambodia during the study period (2003 2012 ) is shown in Fig. 2 . For the purposes of the United Nations Framework Convention on Climate Change (UNFCCC), Cambodia defines a forest as having a minimum tree crown cover of 10 %, a minimum area of 0.5 ha, and a minimum tree height of 5 m (http://cdm.unfccc.int/DNA/index.html). The mean carbon stocks of four carbon pools (AGB, belowground biomass, DW, and LT) per unit land area were estimated in a previous study (Kiyono et al. 2010 ) using the PSP data from the Ministry of Environment, Cambodia (MoE-PSP) for the three main forest types (EF including SEF, DF, and secondary forest). Using Forestry Administration PSP data, the mean carbon stocks of two carbon pools (AGB and belowground biomass) of trees per unit land area were estimated for two main forest types (EF including SEF and DF) (Samreth et al. 2012) . EF had a larger carbon stock than DF in terms of biomass (Kiyono et al. 2010 (Kiyono et al. , 2017 Samreth et al. 2012 ) and soils within the same geological formations (Toriyama et al. 2011) .
PSP data
We selected 22 MoE-PSPs (Table 1 ) from the 49 PSPs listed in Kiyono et al. (2017) . The 22 PSPs were distributed 
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The forest cover map was modified from data available at http://www.opendevelopmentcambodia.net/. Non-forested areas comprised cropland, grassland, wetlands, settlements, and other land uses (National Institute for Environmental Studies et al. 2005) . Dashed lines (based on the descriptions in Akinaga 1943) indicate the boundaries of three main forest-cover regions: the Mekong Basin, the coast of Tonlé Sap Lake, and the Krâvanh (Cardamom) Mountains. 2010, 2011, 2012, 2013, 2014, 2015 2 Siem Reap EF Dd 28 1486 2005, 2006, 2008 5 , 2010, 2011, 2012, 2013, 2014, 2015 , 2012 , 2013 , 2014 7 Kampot EF Sl 675 2530 2005 , 2008 5 , 2010 , 2012 , 2013 , 2014 2011, 2012, 2013, 2014, 2015 10 Koh Kong EF Im 65 3100 2011, 2012, 2013, 2014, 2015 11 Preah Vihear DF Di 76 1745 2005, 2006, 2008 5 , 2010, 2011, 2012, 2013, 2014, 2015 12 Preah Vihear DF So 73 1745 2005, 2006, 2008 5 , 2010, 2011, 2012, 2013, 2014, 2015 2010, 2011, 2012, 2013, 2014, 2015 18 Kampong Speu DF  So  163  2176 2008   5 , 2010, 2011, 2012, 2013, 2014, 2015 19 Kampong Chhnang DF So 150 1710 2011, 2012, 2013, 2014, 2015 20 Kampong Chhnang DF Pf 160 1710 2011, 2012, 2013, 2014, 2015 21 Pursat DF So 230 2117 , 2012 , 2013 , 2014 22 Pursat DF So 225 2117 , 2012 , 2013 , 2014 1 Evergreen forest (EF) including semi-evergreen forest (SEF) and deciduous forest (DF (Fig. 1) . Each PSP contained nested plots measuring 20 100 m and 5 40 m. Botanical name and diameter at breast height (DBH) were recorded for trees (including standing dead trees) with a DBH ≥ 30 cm in the 20 100-m plots and with a DBH ≥5 cm in the 5 40-m plots. DBH was measured using a measuring tape at a height of 1.3 m, except in cases of trunk irregularity or branching, in which case diameter was measured just below or above that height. Tree height was measured using a handheld clinometer (Suunto, Finland). Nomenclature followed Pauline (2000) . Judging from the composition of the dominant species (e.g., fewer P. dasyrrhachis, a pioneer species in EF and SEF), the PSP forests were not used for slash-and-burn farming. The tree census was repeated irregularly two to nine times per PSP during the dry seasons between 2005 and 2015. Although no National Forest Inventory (NFI) has been performed in Cambodia, the projected area of the studied PSPs (0.2 ha) was within the 0.1 0.5 ha often used in the NFIs of other countries (Sato 2012) . For simplification, we included SEF in the EF category in this paper, based on previous studies (Kiyono et al. 2010 (Kiyono et al. , 2017 Samreth et al. 2012) , given that the tree biomasses of these two forest types were similar. The MoE-PSPs included some secondary forests, which were considered EF or DF according to their tree composition. Edaphic conditions (Clark et al. 2002) such as the topography of the PSP forests were ignored. Aboveground DW mass (hereafter DW mass) and LT mass were repeatedly measured in the 22 PSPs at 1 2-year intervals for periods of 2 10 years (Table 1) . We adopted the DOM measurement techniques of Hairiah et al. (2001) and Kiyono et al. (2010) . To estimate DW volume, we recorded the diameter and length of woody debris on the ground (dead trees and stumps) with a diameter 5 cm and length 0.5 m in the 5 40-m plot. In five of the 0.5 0.5-m subplots systematically arranged within each 5 40-m plot, we collected coarse LT (CLT), defined as woody debris ≤5 cm in diameter and/or ≤0.5 m in length and all of the undecomposed and unburned leaves and branches. We also collected fine LT (FLT), defined as dark-colored LT including leaves, branches and all woody roots that had partly decomposed and passed through a 2-mm mesh sieve, to a soil depth of 5 cm.
DW in the diameter range of 2 5 cm was included in CLT in this study, which also included other plant organs, such as leaves. DW as defined in many other studies (i.e., debris with diameters 2 cm or 2.5 cm; Jaramillo et al. 2003 , Palace et al. 2012 ) falls between DW and DW plus CLT in the present study. LT mass defined in many other studies (diameter 2 cm or 2.5 cm; Wieder and Wright 1995, Jaramillo et al. 2003) falls roughly between the FLT and FLT plus CLT masses in this study.
Some trees were lost during the study period. In forests with stand AGB losses amounting to 5 20 % of the initial values, the missing trees were mostly timber species with large DBHs, suggesting that logging and collateral damage were the main causes of tree death (Kiyono et al. 2017 
LT data collection in the rainy season
Field surveys were conducted in the dry season as fieldwork in the rainy season was difficult; however, in 2008, surveys were conducted in both the dry and rainy seasons to enable comparison between seasons.
As described above, EF data were collected from 10 PSPs; these data included 60 censuses of trees, DW, and LT during the dry season, and 5 LT censuses during the rainy season (5 27 September 2008) ( Table 1) . DF data were collected from 12 PSPs and included 68 censuses of trees, DW, and LT during the dry season, and 4 LT censuses during the rainy season (1 30 September 2008) ( Table 1) .
Estimating tree AGB, DW mass, LT mass, and DOM carbon stock
Tree AGB was estimated using DBH data and the following generic allometry equation for tropical and subtropical trees (Kiyono et al. 2006 (Kiyono et al. , 2017 Harmon et al. (1995) , and represents approximately 70 % of the wood density of common species in the study area. Fresh CLT and FLT samples were collected, and a set of fresh composite subsamples was immediately taken for weighing and subsequently air-dried by sunlight. Each sample was weighed regularly until it became constant. The air-dried subsamples were brought to the laboratory for oven drying at 70 for at least 72 h. The value of LT stock in the dry season was tentatively used as the annual mean value in this study. LT stock is typically larger in the dry season than in the rainy season in the tropics (Wieder and Wright 1995, Kiyono et al. 2007 ). The tree AGB and DW, CLT, and FLT masses per unit land area were summed for each plot. Assuming that carbon fractions account for 0.50 of the biomass and DW mass and 0.37 of the LT mass (IPCC 2003) , we summed the carbon stock in the two carbon pools (DW and LT) for each plot.
To examine the influence of large AGB loss events on temporal changes in AGB, DW, and LT masses, we distinguished PSPs that had experienced large AGB loss events over the study period (hereafter, PSP wi s) from those that had not (hereafter, PSP wo s).
DOM residence time
We defined the mean residence times (year) of DW and DOM carbon as stock (Mg ha 1 ) divided by input (Mg ha 1 year 1 ), following previous studies (Baker et al. 2007 , Palace et al. 2007 , Sato et al. 2016 Kiyono et al. 2017 ). However, AGB loss (annual decrease due to wood removal and losses due to disturbances) in PSP wo was not significantly correlated with AGB (Kiyono et al. 2017) . These results indicate that as AGB becomes large, Cambodian forests experience increased AGB gain, but also lose a certain amount of AGB, with some losses due to selective logging. AGB loss is equivalent to DOM input and was estimated at 1. Calculating the number of sample plots required for precise DW mass, LT mass, and DOM carbon stock estimates
The UNFCCC has provided a Clean Development Mechanism (CDM) afforestation and reforestation (A/R) methodological tool for calculating the number of sample plots required for precise estimations in A/R CDM projects (http://cdm.unfccc.int/Reference/tools/ar/methAR_tool03_ v01.pdf). This tool is appropriate for carbon-stock monitoring purposes; it estimates the number of PSPs per stratum needed to monitor changes in (i) carbon pools at a desired level of precision and (ii) the cost of sample plot establishment. Using this tool, we estimated the reasonable numbers of sample plots required to obtain accurate values for DW mass, LT mass, and DOM carbon stock in EF and DF. Costs were ca. US$800 per EF plot and US$700 per DF plot (Kiyono et al. 2010) .
Applying the UNFCCC tool to field data collected in this study (10 PSPs in EF and 12 PSPs in DF), we calculated the number of samples required to obtain mean values of DW elements at a precision level of 0.05 at a confidence level of 95 %. We then calculated the current precision level and the confidence range of the means from the 22 PSP datasets. TROPICS Vol. 27 (2)
Statistical analysis
The differences in DOM values between forests with and without large AGB loss events and between forest types were analyzed with an unbalanced two-way analysis of variance (ANOVA) that included interaction terms using R3.3.1 software (R Development Core Team 2011) . Simple main effects were tested via post hoc analysis when the effects and the interaction were statistically significant.
RESULTS
Components significantly related to large AGB loss events AGB (Fig. 3a, b) tended to increase in most PSP wo s. However, AGB sometimes decreased in PSP wi s (Fig. 3,  large 
, n 12). The difference in means between
EF and DF was not significant (t-test, P 0.162). DW mass (Fig. 3c, d ) and DOM carbon stock (Fig. 3e,  f) were largest in the years of the large AGB loss events (Fig. 3, large symbol) . A large AGB loss event increased larger diameter DW, including standing dead trees (Fig. 4a,  b) . Each of the observed period-mean DW masses and DOM carbon stocks was significantly (ANOVA, P 0.001) larger in PSP wi than in PSP wo , and larger in EF than in DF ( Table 2) . The large AGB loss forest type interaction term was significant (ANOVA, P 0.001); DW mass and DOM carbon stock in the PSP wi were far greater in EF than in DF. However, when PSP wi and PSP wo were combined (hereafter, PSP all ) (Table 2), the difference between EF and DF was not significant (t-test, P 0.284 for DW mass, and P 0.133 for DOM carbon stock) because the within-forest type variances of DW mass and DOM carbon stock were greatly increased by combining PSP wi and PSP wo .
The proportions of standing dead tree mass in DW mass were 0.012 0.017 in PSP wi and 0.18 0.37 (mean SD) in PSP wo in EF, and they were 0.08 0.07 in PSP wi and 0.09 0.08 in PSP wo in DF. The ratio of standing dead trees/ DW mass was not significantly different between PSP wi and PSP wo , or between forest types (ANOVA, P 0.091 0.830). The proportions of DW mass in dead trees with diameters ≥ 10 cm (hereafter, DW ≥10 cm , i.e. referring to the DBHs of standing dead trees and diameters at the midpoint of fallen trees) in DW mass were 0.91 0.05 in PSP wi and 0.65 0.30 in PSP wo for EF, and they were 0.75 0.10 in PSP wi and 0.58 0.23 in PSP wo for DF. See legend to Fig. 3 for an explanation of symbols.
Components not significantly related to large AGB loss events
Temporal changes in CLT (Fig. 5a, b) , FLT (Fig. 5c, d ), and LT (Fig. 5e, f) mass were not significantly related to large AGB loss events.
Within six PSPs (Numbers 1, 2, 6, and 7 in EF; Numbers 11 and 12 in DF; Table 1 ) that were continually monitored for the 10-year study period, CLT mass frequently fell, reaching a minimum in 2012 in EF (Fig.  5a) ; FLT (Fig. 5c, d ) and LT (Fig. 5e, f) Table 2 ) and the large AGB loss forest type interaction term (ANOVA, P 0.647) had no significant effects. The observed period-mean FLT mass was not significantly different between PSP wi and PSP wo (ANOVA, P 0.820) or between EF and DF (ANOVA, P 0.389) ( Table 2) . The large AGB loss forest type interaction term was not significant (ANOVA, P 0.894).
LT mass in the rainy season
The CLT mass in 2008 was significantly smaller during the rainy season than during the dry season in EF (paired t-test, P 0.003, n 5) (Table 3 ). In DF, the CLT mass was significantly smaller during the dry season than during the rainy season (paired t-test, P 0.005, n 4) ( Table 3) . FLT mass and total (LT mass) were not significantly different between seasons (paired t-test, P 0.105 0.834, n 4 5) (Table 3) .
DOM residence time
The mean residence times of DW mass, DW + CLT mass, and DOM carbon stock for PSP wo were 4.0 3.7 years (mean SD), 10.7 4.9 years, and 6.8 2.8 years, respectively, in EF, and they were 2.7 1.9 years, 6.3 1.7 years, and 4.9 1.1 years, respectively, in DF. In PSP all , the respective mean residence times were 10.6 14.3 years, 17.2 14.5 years, and 9.8 6.8 years in EF, and 5.2 6.9 years, 8.8 6.6 years, and 6.0 3.3 years in DF. The mean residence times of DW mass and DOM carbon stock did not differ significantly between EF and DF in either PSP wo (t-test, P 0.436 for DW mass, and P 0.120 for DOM carbon stock, n 7 8) or PSP all (t-test, P 0.265 for DW mass and P 0.105 for DOM carbon stock, n 10 12). However, the residence time of DW + CLT mass was longer in EF than in DF for both PSP wo (t-test, P 0.041, n 7 8) and PSP all (t-test, P 0.087, n 10 12).
Relationships of AGB with DW mass, CLT mass, FLT mass, and DOM carbon stock
The observed period-mean AGB was not significantly correlated with DW mass, CLT mass, FLT mass, or DOM (DW + LT) carbon stock in PSP (r 0.075 0.384, P 0.218 0.816) (Fig. 6a-j) . None of the observed period-mean ratios of DW mass, CLT mass, FLT mass, or LT mass to AGB, or the ratio of DOM carbon stock to AGB carbon stock (DOM/AGB carbon stock) differed significantly between PSP wi and PSP wo (ANOVA, P 0.298 0.823) or between EF and DF (ANOVA, P 0.440 0.834) ( Table 2) . The large AGB loss forest type interactions were not significant (ANOVA, P 0.565 0.900). In PSPs with the smallest AGBs (16.4 Mg ha 1 for EF and 62.0 Mg ha 1 for DF; Fig. 6i, j), the DOM/AGB carbon stock ratio reached 1.45 in EF and 0.31 in DF.
Number of samples required for precise measurement of DW mass, LT mass, and DOM carbon stock
The estimated number of samples required to obtain a mean DW mass value with a precision level of 0.05 and a confidence level of 95 % was 1878 for EF and 1226 for DF (3103 in total, Table 4b ). These same numbers for CLT mass, FLT mass, LT mass, and DOM carbon stock were 122, 263, 114, and 639, respectively. Table 2 . TROPICS Vol. 27 (2) Fig. 6 . Observed period-mean of aboveground biomass (AGB) and deadwood (DW) mass (a, b), coarse litter (CLT) mass (c, d), fine litter (FLT) mass (e, f), litter (LT) mass (g, h), and dead organic matter (DOM) carbon stock (i, j). , PSPs with large AGB loss events; , PSPs without large AGB loss events.
The precision levels of means for DW mass, LT mass, and DOM carbon stock in this study
When we used 10 plots in EF and 12 plots in DF, the achieved precision level of the mean was 0.59 for DW mass, 0.11 0.17 for LT mass, and 0.27 for DOM carbon stock (Table 4a ). The errors for DW mass and DOM carbon stock were larger than the LT mass error.
DISCUSSION
Can DOM data compiled from our samples be extrapolated to represent Cambodian forests across the nation?
The 22 PSPs from which we obtained the DOM data were located in the three main forest-cover regions of Cambodia (Fig. 1) . Hence, these data were national in scope. However, the confidence intervals of the DOM element means were broad, particularly in the case of DW mass and DOM carbon stock (Table 4a ). Larger sample sizes will be required to increase confidence in these estimates.
DW mass dynamics and the influence of large AGB loss events
Large AGB loss events sometimes greatly increased DW mass (Figs. 3c, d; 4c, d) . The mean of the observed period-mean of DW mass in both EF and DF was significantly larger when large AGB loss events occurred ( Table 2 ), suggesting that logging had increased the DW mass (Carlson et al. 2017) . DW ≥ 10 cm mass accounted for the largest proportion of DW mass (≥0.58).
LT mass dynamics and the influence of large AGB loss events
CLT mass in DF was influenced more strongly by environmental conditions, such as rainfall and ground fires, than by large AGB loss events. Forest floor LT mass is generally greater during the dry season than during the rainy season in seasonal forests (Hopkins 1966 , Scott et al. 1992 , Wieder and Wright 1995 . However, we found that this was not the case in the DF we studied, where lower CLT mass was estimated during the dry season in 2008 (Table 3) . LT mass depends on the balance among the quantity of litterfall (input), decomposition and combustion (output), movement (both), and other parameters (Wieder Means and confidence intervals of deadwood (DW) mass, litter (LT) mass, and dead organic matter carbon (DOM C) stock (a), and numbers of samples required to obtain a precision level of 0.05 and a confidence level of 95 % (b). The abbreviations of the DOM elements are explained in Table 2 .
and Wright 1995, Powers et al. 2009 ). The quantities of litterfall and leaf decomposition rates did not significantly differ between young secondary and mature seasonal forests studied by Ewel (1976) . Ground fires occur frequently in Cambodian DF (Wood 2012) , and these appeared to reduce CLT mass in DF. We commonly observed LT mass decreases during 2012 (Fig. 5) . Reduced leaf litterfall and an increase in the decomposition rate from April 2011 to March 2012 probably explain the decreased FLT mass in EF during the period 2011 2012. Reduced rainfall during April 2010 March 2011 (Fig. 2) likely reduced dry matter production, thereby reducing leaf litterfall in the following year. Abundant rainfall between April 2011 and March 2012 (Fig.  2) may have increased the LT decomposition rate (Wieder and Wright 1995, Powers et al. 2009 Vogt et al. (1986) .
Difference in DOM traits between EF and DF
Differences in the life forms of evergreen and deciduous canopy trees probably account for the difference in DOM mass between EF and DF. We found no clear difference in AGB ranges between EF and DF. However, DF had significantly lower DW and rainy-season CLT mass than did EF. In DF, the abundance of fallen leaves likely increased the frequency of ground fires in the dry season (Wood 2012) , which burned a proportion of the DW.
DOM carbon stock dynamics
AGB values appeared to have little influence on DW mass, LT mass, or DOM carbon stocks (Fig. 6) . The mean residence times of DW mass and DW + CLT mass in PSP all were 10.6 14.3 (mean SD) and 17.2 14.5 years, respectively, in EF, and 5.2 6.9 and 8.8 6.6 years, respectively, in DF. The values in EF were similar to the mean residence time of DW mass in Malaysian primary rainforests (16.6 3.7 years; Sato et al 2016), but the residence times for DF were generally shorter. The DW turnover rate in Cambodian DF forests probably exceeded the turnover rate in Malaysian primary rainforests. The DOM/AGB carbon stock ratio can become large in forests with small AGB. We cannot ignore the roles of DOM in forest structure and function, particularly in heavily disturbed forests (Pfeifer et al. 2015) .
DOM mass value characteristics of Cambodian seasonal forests in a global context
The period-mean mass of DW larger than 2 cm diameter (DW 2 cm ) in the PSP all will fall between 14.2 19.2 and 23.1 19.5 Mg ha 1 in EF (n 10), and between 6.7 9.3 and 11.3 9.0 Mg ha 1 in DF (n 12) ( Table 5 ).
This DW 2 cm mass in Cambodian EF was similar to the mean DW 2 cm mass in a Chinese seasonal tropical forest (Lü et al. 2010) . The period-mean DW 2 cm masses in EF and DF were smaller than the mean DW 2 cm or DW 2.5 cm masses in the Americas (Table 5, 
2012).
Reductions in the dead tree production rate due to harvesting of standing trees, DW removal by residents, and ground fires likely account for the relatively small quantity of DW mass in Cambodia. Selective logging of old trees before the establishment of the PSPs may explain the small numbers of dead trees remaining in the forest during our study period. The effects of human intervention cannot be accurately estimated because the volume of timber removed prior to the study is unknown. Nevertheless, the effects of logging are undoubtedly long lasting in these forests (Top et al. 2004) . In PSP wo , the proportion of standing dead trees in DW mass was ≤0.18, and the proportion in AGB was even less. These proportions are smaller than those for undisturbed tropical forests in the Americas (Palace et al. 2012 ) (i.e., ≥0.3 of DW mass; calculated from Fig. 2 in Palace et al. 2012) . Baker et al. (2007) reported low DW mass values in an intact southwestern Amazonian forest, likely the result of rapid carbon cycling. The AGB values of the Cambodian forests in the present study were increasing (Fig. 3) (Kiyono et al. 2017) , suggesting that some living trees had been harvested in recent years and that the forests are still immature. Ground fires frequently occur in DF (Wood 2012) , and these may explain the small numbers of dead trees in DF. However, fire was rare in EF, and the DW masses were also relatively low. Therefore, fire cannot explain the low DW mass values in EF. Young fallow forests are also sometimes almost devoid of DW because DW produced during slash-and-burn farming is removed as fuelwood (Kiyono et al. 2007 ). However, the 22 PSP forests used in this study were probably not affected by slash-andburn farming.
LT masses measured in this study (8.6 3.9 17.5 5.0 Mg ha 1 in EF and 8.6 3.1 13.2 3.3 Mg ha 1 in DF)
were not markedly different from most values reported for other seasonal tropical forests (Table 5) .
CONCLUSIONS
Disturbances that caused large AGB loss increased DW mass and DOM carbon stock. However, their influence on LT (CLT and FLT) mass was not clear. The Cambodian seasonal forest was characterized by relatively low DW masses, likely due to the removal of DW and dying trees from the forest by local residents. These findings will be useful for sustainable forest management in the region. However, larger sample sizes are required to increase the precision of parameter estimates. We do not have estimates of biomass removal (proportion of the biomass removed in an AGB loss event; Pearson et al. 2014) or of DOM remain- The Americas (Mexico, Jamaica, Venezuela, and
